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There are "natural delays" in the healing of older 
individuals. Open wounds contract more slowly and in-
cised wounds gain strength more slowly. Experimental 
studies indicate that cellular proliferation, wound me-
tabolism, and collagen remodeling occur later in old 
animals. Clinical studies show, however, that operations 
can be performed safely in elderly patients and that the 
major increased risk to these patients is of nonwound 
medical complications that affect the wound. 
"If natural delays in reaction time are appreciated, there will be no 
panic . ... " Wm. Masters and V. Johnson, "The aging male" in Hum.an 
Sexual Tnadequacy. 
The first major study of wound healing in relationship to 
aging was performed at the beginning of this century by P. 
Lacomte Du Nouy [1]. As a military surgeon in the early days 
of World War I, he observed the course of healing in a variety 
of open wounds. He found that the healing of every open wound 
was characterized by an index of cicatrization (i), expressed by 
the formula given below (S is the area of the wound, S' is the 
area of the wound measured t days later, t is the time interval 
between the initial 2 measurements, a nd T is the total time 
between the formation of the wound and the first measure-
ment-S). 
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---_-=1 
t + -JT 
The numerator of this fraction is the change in the surface area 
of the wound over a specific interval of time. The denominator 
is the time during which this change occurs that makes the 
fraction equal to the rate of change of the surface area. (He 
found it necessary to make a correction for the square root of 
the time elapsed since formation of the wound. This allowed 
for the observation that the rate of closure decreased as the 
time interval from the formation of the wound became longer, 
i.e., as T became larger.) This index is an individual property of 
any open wound. A larger index indicates a wound that is 
closing faster. 
He calculated the index of cicatrization for several hundred 
open wounds and ,correlated this index with the age of patients. 
For older patients there was a lower "index of cicatrization." 
H e then plotted the course of the healing of uniformly sized 
wounds occurring in patients of various ages. In Fig 1, we see a 
graphic representation of the pattern of closure in 40-cm2 
wounds that occurred in patients 20, 30, and 40 y r of age. The 
initial slope of the line, which indicates the rate at which closure 
was occurring, is much steeper for the younger patient. In the 
20-yr-old man, complete closure occurred in 40 days, whereas 
in the 40-yr-old man, it took almost twice that time, i.e. , 76 
days. Thus, the older individual experienced a "natural delay." 
The ftrst major study of incised and primarily closed wounds 
in relationship to age was reported in 1930. Howes and Harvey 
at Yale [2] created and sutured I-cm incisions in the stomachs 
of rats. At daily intervals for 2 weeks, they measured the 
bursting strength of the stomachs (Fig 2) . In the young animals, 
the bursting strength increased slowly from the 1st day onward. 
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On the 4th day, there was a marked acceleration in the gaining 
of strength that lasted until about the 8th day, when t h e 
bursting strength "plateaued." In contrast, the older animals 
did not show any significant gain in strength until the 4th day, 
when they began to gain strength at a rate comparable to that 
of the younger animals; on the 7th day they also "plateaued. " 
Because of the "natural delay" before gains in strength, the 
final bursting strength of the older rats was significantly lower 
than that of the younger animals. 
Both of these early studies demonstrate the major differen ce 
in the healing patterns of young and old individuals. Younger 
individuals have a more rapid onset of demonstrable healing 
changes. Their open wounds contract earlier and require a 
shorter time for fmal closure. Their incised wounds gain 
strength more rapidly and sustain this gain of strength in the 
later course of h ealing. 
With minor variations, these observations have been con-
firmed by subsequent experiments. In Fig 3 are representative 
pictures from young rats (6 weeks) and old rats (retired breed-
ers) studied in our laboratory. As shown, open wounds close 
more slowly in older animals. Our investigation was similar to 
the work of other authors [3, 4]. Parenthetically, we observed 
that in some older animals, contraction ceased before the 
wounds were entirely closed. In such a situation, recurrent sores 
could occur because the central part of each wound was covered 
only by a thin, friable epithelium. 
Many authors have studied strength gains of incised wounds 
in animal skin. There is some disagreement about the early 
phases. Leaming [5] reports greater tensile strength in older 
mice up to 2 weeks after wounding. * In contrast, Sussman [6] 
and Holm-Pedersen and Zederfeldt [7] r eported that the tensile 
strength of young and old rats was similar for the 1st few weeks 
after wounding. After 3 to 5 weeks, however, the older animals 
ceased to gain tensile strength, and younger ones continued to 
gain strength. Consequently, the wounds of younger animals 
became significantly stronger. Douglas et al [8] reported com-
parable findings in surgical patients. This pattern, in which the 
younger and older animals and people initially gained strength 
at a parallel rate, and in which older individuals ceased to gain 
strength significantly earlier than younger ones, was similar in 
an "expanded" form to the initial pattern observed by Howes 
and Harvey in stomach incisions. 
Sandblom et al [9] studied test incisions in humans. In their 
small series, the tensile strength of even a 5-day-old incision in 
humans was less in individuals over 70 than in those under 70. 
Viljanto came upon similar information while studying the 
deposition of collagen in sponges left in incisions. He found that 
the amount of collagen in the sponge (after 7 days) decreased 
with the increasing age of the patient [10]. 
STUDIES OF GRANULOMAS 
The explanation for these differences in healing can be ap-
proached through the study of experimental granulomas. (Skin 
heals by the formation of a wound module of "granulation 
tissue" between the edges of the dermis. The various models of 
granulomas are essentially enlargements of such a wound.mod-
ule that a Uow study of the various phases of healing.) 
* Most authors measure the force required to disrupt an intact 
wound. This is frequently called tensile strength, but it is not tensile 
strength by the engineering definition. 
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F IG 1. Pattern of closure in 40-cm" wounds of variously aged pa-
tients. Note that open wounds closed more slowly in older individuals 
(from Biologica.l Tim.e by P. L. Du Nouy, by permission of Methuen 
& Co., Ltd.). 
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FIG 2. Comparison of the bursting strengths of stomach wounds in 
young (top line) and old (bottom line) rats. Standard incisions were 
made in the stomachs, which were removed a specified number of days 
later. The micldle line represents old rats on a high-protein diet (after 
Howes and Harvey, J Exp M ed, 1932). 
FIG 3. Comparison of closure of open wounds. Note that closure was 
faste r in young rats. All animals had wounds.2 cm x 2 em made on day 
O. 
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On the basis of such studies, there are several major diffe r-
ences between young and old animals. For instance, Forscher 
a nd Cecil [11] studied bums in rat palates. They found a greater 
DNA content in young animals and an earlier peak in the total 
DNA content (3rd day versus 7th day in older animals). H olm-
P edersen et aI, using t rit iated thy midine [12], looked at the 
specific activi ty of wound DNA and found it to be higher in 
young rats for the flrst 7 days. Because wounds in young rats 
had more cells during this eru'ly period, the invest igators con-
cluded tha t the rate of synthesis of DNA was much higher. 
Viljanto and R aekallio [13] were able to identify mononucleru' 
cells a nd fibroblasts 1 or 2 days earlier in the wounds of small 
children . Bru·tos a nd Sedlacek (in rats [14]) and Holm-Pedersen 
et al (in mice [12]) found that on the 3rd day there were 
significantly more fibroblasts in the wounds of young animals, 
but by the 7th day this tendency was reversed . Thus, t here is 
an eal'lier proliferation of cells in the wounds of young animals. 
Holm-Pedersen and Zederfeldt [15] injected xenon into 
wound cylinders. The fact that they found a similru' rate of 
clearance in young and old ra ts indicated tha t the perfusion was 
the same from the 4th through the 30th days. The level of dead 
space PO~, however , was a lways Iower in young animals. They 
concluded that there was more oxygen consumption by the 
wound tissue of younger rats. Bar tos and Sedlacek [14] a nd 
H eikkinen et al [16] confirmed this conclusion by showing 
greater in vitro oxygen consumption by granuloma slices from 
young rats at 3 and 7 days (this tendency was reversed by the 
12th day). Viljanto and Raekallio [13] evaluated isocitric de-
hydrogenase in the wounds of young a nd older children. Heik-
kinen et al [I 6] studied lactic dehydrogenase in rats. These 2 
enzymes are needed for glucose metabolism. Results showed 
that both of these enzym es peak eru'lier in the younger subjects. 
Thus, there is an eru'lier and a greater increase in metabolism 
in the wounds of young animals. 
Holm-P edersen and Zederfeldt [17], Houck and J acob [18], 
and Forscher and Cecil [11] showed that the amount of total 
prote in in granulomas of young rats is equal to or slightly less 
than the amount in granulomas of older animals. Heikkinen et 
al [16] found a similru' total amount of hydroxyproline, bu t a 
markedly greater rate of formation of hydroxyproline, in the 
wounds of young rats. Platt a nd R uhl [19] found higher colla-
genase activity in the wounds of young rats from week 2 to 
week 4. The rate of incorporation of H:I-proline was lower (in 
young animals) in the same late time inter val. Holm-Pedersen 
and Zederfeldt [17] found that although the total amount of 
tissue formed in sponges was similar , the strength of the colla-
gen in the granulomas was much greater in young rats. These 
observations suggest a similar amount of collagen but a higher 
rate of collagen turnover in t he wounds of young animals. This 
s imilari ty is consistent wi th increased remodeling a nd implies 
greater strength per uni t of collagen. 
Early effo rts were made to demonstrate differences in the 
rate of matura tion of collagen, bu t wi thout success. Hruza a nd 
Hlavackova [20] showed that as a granuloma matures, collagen 
becomes less acid-so luble. However, t hey could not show any 
difference in the patterns of collage n maturation in granulomas 
of young and old rats. 
Bouceck et a l [21], in a study on sponges implanted in 
humans for 4 months, found t hat older individuals made more 
coUagen, which (after 4 months) was less so luble. There may, 
t herefore, be more cross-linking of co llagen in the old wounds 
of older individuals. (Note: This is a reversa l [late in t he course 
of healing] of t he s ituation observed by Vilj anto [10] after 1 
week; Vilj anto not iced greater coUagen formation in the gran-
ulomas of younger individuals.). 
H olm-Pedersen and Viidik [22] studied the mechanical prop-
erties of collagen in incised wounds. When they examined the 
loss of bU'efringence (which accompanies the denatming of 
collagen) in t issue slices from the wounds of young and old rats, 
they found t ha t a higher temperature was requu'ed to denature 
the collagen of the young a nimals. (The temperature requu'ed 
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for denaturing collagen is directly proportiona l to the amount 
of cross-linking.) This phenomenon suggests that the wound 
collagen of younge r animals had a greater degree of cross-
linking at 8 and 21 days. 
They further studied load-deformation curves of wound t is-
sue from 8-day and 21-day wounds of young and old rats [23]. 
The load required to produce a specific strain was lower in old 
a nimals. Simultaneous measurements of skin collagen sug-
gested that there was actually a slightly greater amount of 
collagen in the wounds of the old animals . On this basis, they 
suggested that the younger rats had the benefit of a bette r 
"structural organization" of their fiber network. 
In summary, in the early phases of healing younger animals 
have a more rapid cellular proliferation that is accompanied by 
a greater metabolic rate, as shown both by a greater consump-
tion of oxygen and by an increased t urnover of collagen. The 
result is more remodeling of collagen. Thus, although the total 
amount of collagen is the same as (or possibly less than) that 
found in older animals, the structure of the collagen is more 
effici ent and the actual strength of the wound is greater. 
CLINICAL IMPRESSIONS 
There are several clinical corollaries of these observations. 
For instance, wound failure is more frequent among old people. 
Studies on the failures of abdominal incisions have uniformly 
shown that most dehiscences occur in olde r patients [24] and 
that the rate of dehiscence is 2 to 3 times higher in individuals 
over the age of 60 t han in individuals under the age of 60 [25]. 
Also, recovery time is prolonged. L eaming et al [26], in a review 
of 7,228 uninfected hand injuries, found that the length of time 
required for care increased in a linear fashion with age. 
Nevertheless, many reports in the li terature show that elec-
tive surgical procedures can be carried out safely, and with 
great benefi t, in a n elde rly population. There a re reports of 
abdominal aneurysmectomy [27], lumbar laminectomy [28], 
major cardiac operations [29], and head a nd neck operations 
[30] that show surgical interventions in old people can meet 
with relatively predictable success. 
Injuries can be treated successfully in older patients. Craw-
ford and Gipson [31] described ambulatory care of pretibial 
lacerations in elderly patients. The wounds were coapted with 
steri-strips and covered with a " paste" boot. H ealing without 
graft and without hospitalization occurred in all of 48 patients 
(but required a mean of 65 days) . Furthermore, surgical proce-
dures do not have an adverse effect upon the the overall survival 
% 
·- - -· normlll pop. 
--op. patient. 
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FI G 4. Comparison of 5-yr survival in elderly patients (excluding 
those with cancer) who had operations and elderly patients who did 
not have operations. Surgical in tervention itself was not a risk factor. 
(After G Claes, S Pettersson, and B Gothman, A cta. Chir Sca.nd, suppl 
357:85, 1966) . 
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of patients. In a large Scandinavian series, after patients with 
cancer had been excluded, the actual 5-yr survival of postop_ 
erative patients, at any age, exactly paralleled t he expected 5-
yr survival of patients of the sam e age who had not undergon e 
operations (Fig 4 [32]). 
The problem is perha ps best summarized by a series from 
the University of Iowa that reviews 168 major head and neck 
procedures performed in patients ove r the age of 70 [30]. The 
rate of minor wound complications such as separations or sm a ll 
hematomas was approximate ly 45% in both the over-70 and the 
under-70 age groups. The rate of major wound complications, 
such as abscess, slough of flap, or major dehiscence, was also 
simila r in the younger and older age groups. The rate of m edical 
complications, however, was twice as high in the over-70 gr<;>up. 
Thus, the major age-related problem of surgical co nvalescen ce 
among older people comprises nonwound factors (ma inly pul-
monal'y and cardiovascular) that affect the wound. 
The infrequency of wound complications among the elderly 
is a refl ection not of a healing potential equal to that of the 
young but rather of the reserve strength (beyond customary 
needs) usually found in unwounded skin, and even in healing 
skin, in people of all ages. 
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